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provided on an end surface of the magnet portion on a side of
the shaft portion.

9 Claims, 15 Drawing Sheets

w5 PORTION D




US 9,256,164 B2

Sheet 1 of 15

Feb. 9, 2016

—
O

P —
H 7
H H
: 7
:

i 1
: %
H 7 v N
; ; ;
7 H 7
H H H
" 5. ] M
Y 4 £ b
1y /o A
7 e P %
“,

>
N
N

ey

i}
v
4
R ,~«\
N E:

U.S. Patent

3

~
s
o

e
D
A
JECRRRRRy
§y
Y3
Booloo



US 9,256,164 B2

Sheet 2 of 15

Feb. 9, 2016

U.S. Patent




U.S. Patent Feb. 9, 2016 Sheet 3 of 15 US 9,256,164 B2

3

R

g
[t



U.S. Patent

\‘0\\:\«
\\\\‘
e
AW
.
&R
b
-

S

i
Tl

Feb. 9, 2016

Sheet 4 of 15

N
A
Y
A,
5,
N\
\
o“"‘\\“\ o
: T

S‘\\:\\\\\
RS

e
AN

a
& ™
} §
R
ooonoee
i3

.

US 9,256,164 B2

e

W

o

R



U.S. Patent Feb. 9, 2016 Sheet 5 of 15 US 9,256,164 B2

FIG.S \

S 3
~ 3& 1 [ RN \
AT
o e e RLELER I Caadanena

\ i AR LA LI, N
,x« e \\\\\\\\W- BTy } P

N RS

o \\\\“\“\\\\i\\t\\\\\t\\\\‘\ 3 3 y

\@ T N “ =
- o~ O, Dy,
S \\‘\7\ AR
& i R

N, R %

S2 [ N

Mavooneons W

“'.‘ . RS o
RO S " ~
5 Y Ry N s
B ;‘
e KN \\\\ °Q\ o
¥ R >
\
3 \\\ \\\\\v.\\\*

\" X = .-/,f : N,
OO NAPP’%NG \‘%«\

’52

\\"\\\\ “



U.S. Patent

& SO
& &

¥
Nodee®
S
o §
&8
3
Nvan?
e
§ %
NN
Boothoos

Feb. 9, 2016

7

Sheet 6 of 15

R R
o
«
>
&
&
«

oy
83
~

US 9,256,164 B2

oo

NS
R

BT
e

\ N

)
X - N
\\\ N

AL

‘&(‘vm\“\m\“\“m““w§\\

&
o
AN ¥

R




US 9,256,164 B2

Sheet 7 of 15

Feb. 9, 2016

U.S. Patent

T
g.w.
5
i
s,wﬂ.
{"(\
<3
a4
[
faa
%
w
T

Pt w NOLLYOG LH9HS
14 £ Z 4 Y]

HLS Y INE

O

N
SRR

o8
4

N
{0

AR LANDYIN CQRIYEOd N LAYHE N
MOLLHO LAVHS 40 HLIDNZLE MYduE

’

e

CINERHNEYIN BIONA

e -

..... i iy
..

MNOLLISOC LAVHE

s

NSO G¥0T | TRGIS0: oML

b NOLLYIVIVAD

A9 E



US 9,256,164 B2

Sheet 8 of 15

Feb. 9, 2016

U.S. Patent

MO G0d ONZ

S830E H0 W NHE

1Y HE0H04 2

14

B

R

Mw

[tray W
G
&

A
3
L]

88~ O
Py
€
£

38~ =
B

HEE R

Fo A A
DY N AEYIHONE M Hfmzmmmﬁmm

0 LNZNHNEYIN YIOND

AT J3NDYIA
7
. \ \ =

..................

F0Hd m M?Qi@

2 MOLLYITIYAT

g Ol



U.S. Patent Feb. 9, 2016 Sheet 9 of 15 US 9,256,164 B2

FIG.S

EVALUATION 4
Y S N
Y I =%
.}-;m« 3 &&f
& R § L
553? .............. Y.
\
: o S
\
RS



U.S. Patent Feb. 9, 2016

Sheet 10 of 15 US 9,256,164 B2

G0
EVALUATION 1 EVALUATION 2
RECESS (R SURFACE) | SHAFT BREAK | INCREASE IN MAGNETIC FORCE
DIMENSION [mrm] STRENGTH AT END PORTION
0.2 Ay e
3.3 AN P
(3.5 o )
1 O @,
15 9 9,
______ 2 @ J
3 J (2
4 @, S
5 @ »,
& 9, X
7 3 X
EVALUATION 3 EVALUATION 4
AT SURFACE WIBTH
AT END PORTION QNCRE’S‘EE %ﬁ%ﬁ%ﬁs FORCE L oumagiLmy Lis
OF MAGNET PORTION iy
0.2 ) X
0.5 & X
1 ) 9,
1.5 @ 9,
2 9 9
3 ) ),
4 Fay @
5 FaN {2
8 X 9,
7 X @




U.S. Patent Feb. 9, 2016 Sheet 11 of 15 US 9,256,164 B2

FIGTTA FIGID

00NN PR S
&\:&m\ sy . \\\\\\\\\\\\\\\\\\\\\\\\\\\\\
- Y Q
& N \:_ . \\\\‘ § P LY
& \ 4 o A
}
8 A -
Pt P2 . L P \
§ s § ¥ § }
r 3 . b
K ¥ Q & ¥ e
% A 53 3 RN, - N
K] e N % My §
} § } §
¥ N ’ §
X N j | e j
&\\\\\\\\\m\mw@‘é‘\ ¥ - W\m R RO5
ond o g o
N o : . @
SO = ) Tomose
Wt s

0.5

FIG11B FIGHME |

\\\\\\\

B

& N & N
& &

{ Pt { 1
\ | \§ N >
FUNE———- W, - & AR - ¢

N “R0S5, N\ " RUSe
N i Topoa \\\\\\\\\\ \ ¥ RO \\\\\\\
» § Pepeee e
0.5 6.5

HGMC

mm@\\

%
8 2
§ }
N
N N
* &
A TR
» \ \§‘
R S W ¥
~
N R05,
e o
AN o
kN 3.
D X

0.

L



U.S. Patent Feb. 9, 2016 Sheet 12 of 15 US 9,256,164 B2

FIG2A

40
\\\ B ;

N \ N
N '._.\ X

ARt \\\\\\




U.S. Patent Feb. 9, 2016 Sheet 13 of 15 US 9,256,164 B2

FIGA3A




U.S. Patent Feb. 9, 2016 Sheet 14 of 15 US 9,256,164 B2

F1G.14B

AT

§§ ‘t\
e b
82 Y \

3
¢

N
A



U.S. Patent Feb. 9, 2016 Sheet 15 of 15 US 9,256,164 B2

FIG.15A
MAGNET PORTION DIE ]
MOLDING MACHINE|
SCRE@ ~~~~~~~~~~~~~~~~~~ '
" SHAFT PORTION DIE |
FIG.15B




US 9,256,164 B2

1
DEVELOPMENT ROLLER HAVING
MAGNETIC ROLLER AND IMAGE FORMING
APPARATUS INCLUDING THE
DEVELOPMENT ROLLER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on Japanese Patent Application
No. 2012-259152 filed on Nov. 27, 2012, the contents of
which are incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a development roller and
animage forming apparatus including the development roller.

2. Description of Related Art

In general, in an electrophotographic image forming appa-
ratus, toner is supplied to an electrostatic latent image formed
on an image carrier to prepare a toner image, and the toner
image is transferred to a paper to obtain a recorded image.

As a unit that supplies the toner to the electrostatic latent
image, a development roller is used. The development roller
includes a development sleeve formed in a cylindrical shape
and made of a non-magnetic material, and a magnet roller
housed in the development sleeve and forming a magnetic
field to cause toner napping to be generated on a surface of the
development sleeve.

The magnet roller normally includes a magnet portion
forming a magnetic field and a shaft portion adapted to sup-
port the magnet portion in the development sleeve.

In such an image forming apparatus, it is important to
arrange the magnet roller at an accurate position with respect
to the image carrier for achievement of a good recorded
image.

To this end is developed the magnet roller in which the
magnet portion and the shaft portion are formed integrally
with use of an equal material to prevent relative positions of
the magnet portion and the shaft portion from being mis-
aligned.

Japanese Patent Application Laid-Open (JP-A) No. 2000-
114031 describes such a magnet roller in which the magnet
portion and the shaft portion are formed integrally, in which
the magnet portion is formed so that end portions thereof may
be gradually thinned. The reason for thinning the end portions
of the magnet portion in this manner is to weaken magnetic
forces generated at the end portions to cause a magnetic force
distribution in an axial direction to be uniform (even).

On the other hand, as for a magnetic force distribution in a
circumferential direction of the magnet roller, toner napping
cannot be generated on the surface of the development sleeve
without an intensity variation in the magnetic force.

In a case where the end portions of the magnet portion are
thinned even under such circumstances, the magnetic force
distribution in the circumferential direction will be broad (a
state in which the intensity variation in the magnetic force is
not apparent). This causes a problem in which the magnetic
force cannot be maximum at a position contacting the image
carrier, and in which a good recorded image cannot be
obtained.

SUMMARY

The present invention is accomplished by taking such cir-
cumstances as mentioned above into consideration thereof,
and an object thereof is to provide a development roller in

10

15

20

25

30

35

40

45

50

55

60

65

2

which a magnetic force distribution in a circumferential
direction is not broad in a case where a magnet roller in which
a magnet portion and a shaft portion are formed integrally is
used, and an image forming apparatus including the develop-
ment roller.

To achieve at least one of the abovementioned objects, a
development roller reflecting one aspect of the present inven-
tion includes a magnet roller in which a magnet portion gen-
erating a magnetic force and a shaft portion projecting from
the magnet portion are formed integrally, wherein one or
more recesses are provided on an end surface of the magnet
portion on a side of the shaft portion.

Also, the end surface desirably has a width as much as 1
mm or more and 5 mm or less in a direction perpendicular to
aprojecting direction of the shaft portion except at an area of
the recess.

Also, the recess is desirably formed by a curved surface.

Also, the recess is desirably formed by a curved surface
whose curvature radius is 0.5 mm or more and 5 mm or less.

Also, the recess is desirably formed along an outer circum-
ference of the shaft portion.

Also, the end surface is desirably provided with the plural-
ity of recesses.

Also, the development roller desirably further includes a
sleeve covering the magnet roller, wherein the sleeve is desir-
ably rotated around the magnet roller.

Also, to achieve at least one of the abovementioned objects,
an image forming apparatus reflecting one aspect of the
present invention includes the aforementioned development
roller.

The objects, features, and characteristics of this invention
other than those set forth above will become apparent from
the description given herein below with reference to preferred
embodiments illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram of an image
forming apparatus;

FIG. 2 is a cross-sectional view of a development unit;

FIG. 3 is an exploded perspective view of a development
roller;

FIG. 4A is a perspective view of the development roller;

FIG. 4B is a cross-sectional view along the cross-section
B-B in FIG. 4A,;

FIG. 5 is a view of a magnet roller as seen in an axial
direction (front surface) and is an enlarged view of a closest
part (aperture part) to a photosensitive drum;

FIG. 6 is a front view, a cross-sectional view, and a back
view of the magnet roller and a detail view of a portion C and
a portion D;

FIG. 7 isa view illustrating a method for measuring a break
strength for the magnet roller and a graph illustrating a mea-
surement result thereof;,

FIG. 8 is a view illustrating a method for measuring a
magnetic force of the magnet roller and a graph illustrating a
measurement result thereof;

FIG. 9 describes a contacting part between the magnet
roller and a bearing member;

FIG. 10 is a table summarizing various evaluations 1 to 4;

FIGS. 11A to 11E illustrate modification examples of a
recess in parts corresponding to the detail view in FIG. 6;

FIGS. 12A and 12B illustrate modification examples of the
recess in parts corresponding to FIG. 5;

FIGS. 13 A and 13B illustrate modification examples of the
recess in parts corresponding to FIG. 5;
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FIG. 14A illustrates a modification example of the recess in
a part corresponding to FIG. 5;

FIG. 14B illustrates depths of respective recesses in FIG.
14A,

FIG. 15A illustrates a state of dies at the time of molding
the magnet roller; and

FIG. 15B illustrates a state of the dies after molding the
magnet roller.

DETAILED DESCRIPTION

The embodiments of this invention will be described below
with reference to the accompanying drawings. Itis to be noted
that, in description of the drawings, identical components are
shown with the same reference numerals, and description of
the duplicate components is omitted. Also, dimensional ratios
in the drawings are exaggerated for convenience of descrip-
tion and may be different from actual ratios.

(Brief Summary of Image Forming Apparatus 10)

FIG. 1 is a schematic configuration diagram of an image
forming apparatus 10 according to an embodiment.

The image forming apparatus 10 is an electrophotographic
image forming apparatus such as a laser printer. For example,
the image forming apparatus 10 is an apparatus of forming a
latent image with use of photoconductivity of a solid, elec-
trostatically attaching toner as colored particles to the latent
image to form a visible image (hereinafter also referred to as
a toner image), and transferring and fixing the visible image
to a printing medium to form an image.

The image forming apparatus 10 includes image forming
units 11Y, 11M, 11C, and 11K forming toner images of
respective colors of yellow (Y), magenta (M), cyan (C), and
black (B), for example, as illustrated in FIG. 1. The image
forming apparatus 10 is a so-to-speak tandem image forming
apparatus in which the image forming units 11Y, 11M, 11C,
and 11K of the respective colors are arranged along an inter-
mediate transfer belt B.

Meanwhile, in the following description, Y, M, C, or K is
put after each reference numeral in a case where Y, M, C, and
K need to be distinguished and is omitted in a case where Y,
M, C, and K do not need to be distinguished.

Each image forming unit 11 is configured to include a
photosensitive drum 12 and an electrostatic charge unit 13, an
exposure unit 14, a development unit 15, a primary transfer
unit 16, and a cleaning unit 17 arranged around the photosen-
sitive drum 12.

The photosensitive drum 12 is an image carrier having a
photosensitive layer made of a resin such as polycarbonate
containing an organic photo conductor (OPC) and is config-
ured to be rotated at predetermined speed.

The electrostatic charge unit 13 includes a corona dis-
charge electrode and charges a surface of the photosensitive
drum 12 by generated ions.

The exposure unit 14 incorporates an optical scanning unit
and forms an electrostatic latent image by exposing the
charged photosensitive drum 12.

The development unit 15 visualizes (develops) the electro-
static latent image formed on the photosensitive drum 12 with
use of a two-component developer containing toner and mag-
netic particles (carrier). That is, the development unit 15
forms a toner image by electrostatically attaching the toner to
the photosensitive drum 12. Meanwhile, the magnetic par-
ticles function to friction-charge the toner, hold the toner on
the surface by an electrostatic attractive force (coulombic
force), and carry the toner to a position of the photosensitive
drum 12. Detailed description of the development unit 15 will
be provided later.
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The primary transfer unit 16 transfers the toner image
formed on the photosensitive drum 12 to the intermediate
transfer belt B.

The cleaning unit 17 scrapes away (removes) residues such
as the toner and an external additive remaining on the surface
of'the photosensitive drum 12 after transfer of the toner image
onthe intermediate transfer belt B. This enables the surface of
the photosensitive drum 12 to be maintained in a favorable
state.

Also, the image forming apparatus 10 additionally
includes a paper feeding unit 18, a secondary transfer unit 19,
a fixing unit 20, a belt cleaning unit 21, and toner hoppers 22
of the respective colors.

The paper feeding unit 18 includes a paper feeding tray
housing a paper P, a feed roller, and a separation roller and
sends away the paper P one by one from the paper feeding tray
to a conveyance path by the feed roller and the separation
roller.

The secondary transfer unit 19 transfers the toner images
overlapping on the intermediate transfer belt B by the image
forming units 11 of the respective colors to the paper P fed
from the paper feeding unit 18.

The fixing unit 20 is used to fix a color image transferred on
the paper P and includes a not-illustrated heat roller and a
not-illustrated pressure roller. The paper P is heated and pres-
surized at the time of passing between the heat roller and the
pressure roller, and the toner is fused, which causes the color
image to be fixed.

The belt cleaning unit 21 is a unit of cleaning the interme-
diate transfer belt B before the toner images of the respective
colors are transferred at the respective image forming units
11.

The toner hoppers 22 are containers that store toner of the
respective colors.

(Development Unit 15)

Next, the development unit 15 will be described more
specifically.

FIG. 2 is a cross-sectional view of the development unit 15.
As illustrated in FIG. 2, an inside of the development unit 15
is partitioned into a first chamber (development chamber) 42
and a second chamber (agitation chamber) 43 by a partition
wall 41.

The first chamber 42 and the second chamber 43 are pro-
vided with first and second screws 44 and 45, respectively.
The first screw 44 agitates and conveys the developer in the
first chamber 42. The second screw 45 agitates and conveys
the toner newly supplied from the toner hopper 22 and the
developer residing in the development unit 15 to make a toner
concentration of the developer uniform. The developer whose
toner concentration has been uniform in the second chamber
43 is then supplied to a development roller 40 via the first
chamber 42.

In the partition wall 41 between the first chamber 42 and
the second chamber 43 are formed developer passages letting
the first chamber 42 and the second chamber 43 communicate
with each other at end portions on a near side and on a back
side in the figure. The developer in the first chamber 42 whose
toner concentration has been lowered by consumption of the
toner due to development can move to the second chamber 43
through one passage by conveying forces of the first and
second screws 44 and 45. The developer whose toner concen-
tration has been recovered in the second chamber 43 can
move to the first chamber 42 through the other passage.
(Development Roller 40)

Next, the development roller 40 will be described more
specifically with reference to FIGS. 3 to 5.
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FIG. 3 is an exploded perspective view of the development
roller 40. FIG. 4A is a perspective view of the development
roller 40. FIG. 4B is a cross-sectional view of the develop-
ment roller 40 along the cross-section B-B in FIG. 4A. FIG. 5
is a view of a magnet roller 50 as seen in an axial direction
(front surface) said is an enlarged view of a closest part
(aperture part) to the photosensitive drum 12.

The development roller 40 includes the magnet roller 50, a
development sleeve 60 housing the magnet roller 50, and two
flanges 62 connecting the magnet roller 50 with the develop-
ment sleeve 60 as illustrated in FIGS. 3, 4A, and 4B.

As for the magnet roller 50, a cylindrical magnet portion
(also referred to as “a main body portion”) 51 and shaft
portions 52 projecting from both ends of the magnet portion
51 are formed integrally with use of an equal magnetic mate-
rial. For example, the magnetic material is a mixture of mag-
netic powder and a binder for binding and solidification of the
magnetic powder. As the magnetic powder, one out of ferritic,
rare-earth (SmCo, NdFeB), MnAIC, alnico, and SmFeN
powder can be selected. Also, as the binder, a thermoplastic
resin, a thermoset resin, a low-melting-point alloy, or the like
can be used.

In the magnet portion 51, the aforementioned magnetic
material is oriented. By doing so, a magnetic force that causes
toner napping (enlarged view in FIG. 5) to be generated on a
surface of the development sleeve 60 is generated from the
magnet portion 51.

In general, a magnetic force distribution F in a circumfer-
ential direction of the magnet portion 51 is provided with an
apparent intensity variation in the magnetic force. That is, in
the circumferential direction of the magnet portion 51 are
locally provided an area in which a strong magnetic force is
generated and an area in which only a weak magnetic force is
generated as illustrated in FIG. 5.

An area Sl illustrated in FIG. 5 is provided as a pole
(draw-up pole) that draws the developer from the first cham-
ber 42 in the development unit 15, in which a magnetic force
adapted to attach the developer to the development sleeve 60
acts.

An area N1 is provided as a pole (regulation pole) that
partially removes the developer attached to the development
sleeve 60 to make the amount of the developer appropriate, in
which a magnetic force adapted to remove the developer from
the development sleeve 60 is generated.

An area N2 is located closest to the photosensitive drum 12
and is provided as a pole (development pole) that forms
relatively significant toner napping on the development
sleeve 60, in which a stronger magnetic force than those in
other areas is generated.

Areas S2 and S3 are provided as poles that have opposite
polarities of that of the area N2 to facilitate more significant
toner napping formed in the area N2, in which weaker mag-
netic forces than that in N2 act.

An area between S1 and S3 is provided as a pole (release
pole) that returns the developer whose toner amount has
decreased after development to the first chamber 42, in which
a magnetic force is hardly generated.

By forming such a magnetic force distribution F in the
circumferential direction of the magnet portion 51, the devel-
opment roller 40 can form relatively significant toner napping
ata position (N2) closest to the photosensitive drum 12 while
normally functioning as the development roller 40. This
facilitates attachment of the toner to the photosensitive drum
12, which enables formation of a good recorded image.

Meanwhile, a magnetic force distribution in the axial direc-
tion of the magnet portion 51 (that is, a direction parallel to the
dashed line in FIG. 3) is preferably uniform.
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Also, inthe shaft portions 52, the aforementioned magnetic
material is adjusted to be non-oriented. By doing so, no mag-
netic force is generated from the shaft portions 52. As for each
shaft portion 52, a part of a cylindrical outer circumference
thereof is cut, at which a flat portion is formed. Inside the
flange 62 supporting the shaft portion 52 is provided a shape
corresponding to the flat portion, which causes a position of
the magnet roller 50 in a rotating direction thereof to be
determined unambiguously.

The development sleeve 60 is formed in a cylindrical shape
with use of a non-magnetic material, houses the magnet roller
50 inside the cylinder so as to cover the magnet roller 50, and
carries the developer on a cylindrical outside surface thereof.
The development sleeve 60 is rotated, centering on a center
axis (the dashed line in FIG. 3) of the magnet roller 50 and
conveys the developer in a direction of the photosensitive
drum 12.

The two flanges 62 connect the magnet roller 50 with the
development sleeve 60 by sandwiching the magnet roller 50
and the development sleeve 60 from both ends. Inside the
respective flanges 62 are provided slide bearings 63, which
causes a position of the magnet roller 50 in the axial direction
thereof to be determined unambiguously.

In this manner, the magnet roller 50 is positioned in the
rotating direction and the axial direction, and allows the
development sleeve 60 to be rotated therearound in a state in
which the magnet roller 50 is not rotated.

In the above manner, the development roller 40 is
assembled with use of the magnet roller 50, the development
sleeve 60, the flanges 62, and the slide bearings 63, and the
development roller 40 as illustrated in FIGS. 4A and 4B is
formed.

(Details of Magnet Roller 50)

Next, the aforementioned magnet roller 50 will be
described in details.

FIG. 6 is a front view, a cross-sectional view, and a back
view of the magnet roller 50 and a detail view of a portion C
and a portion D.

As illustrated in FIG. 6, the portion C and the portion D of
the magnet roller 50 are provided with recesses 53. That is,
end surfaces (hereinafter referred to as “end surfaces S) on
sides of the shaft portions 52 of the magnet roller 50 are
provided with the recesses 53.

As is apparent from the detail view of the portion C and the
portion D, the recess 53 provided on the end surface S is
formed by a curved surface (P surface) whose curvature
radius is 0.5 mm, for example. The recess 53 formed in such
a shape is formed over the whole circumference along the
outer circumference of the shaft portion 52 as illustrated in
FIG. 5 as well.

Also, the end surface S has a 2-mm width L in a direction
perpendicular to a projecting direction (that is, the axial direc-
tion) of the shaft portion 52 except at an area of the recess 53.

In the above manner, the image forming apparatus 10
according to the present embodiment includes the magnet
roller 50 in which the magnet portion 51 and the shaft portions
52 are formed integrally, and the end surface S of the magnet
roller 50 is provided with the recess 53. This enables a mag-
netic force generated at the end portion of the magnet portion
51 to be weakened. As a result, an increase in the magnetic
force at the end portion of the magnet portion 51 is restricted,
and the magnetic force distribution in the axial direction
becomes uniform.

Additionally, since the end portions of the magnet portion
51 are not formed to be gradually thinned, the magnetic force
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distribution F in the circumferential direction will not be
broad (a state in which the intensity variation in the magnetic
force is not apparent).

Also, by providing the end surface S with the recess 53, a
break strength of the shaft portion 52 increases. The reason
for this is that stress to be applied to a boundary part of the
magnet portion 51 and the shaft portion 52 does not concen-
trate on a point but is dispersed over the curved surface of the
recess 53.

Also, by providing the end surface S with the flat portion
with the width L as described above, contact between the
magnet portion 51 and the slide bearing 63 is not point contact
but surface contact (contact between the end surface S and
one surface of the slide bearing 63). This can prevent abrasion
of the slide bearing 63 and the magnet portion 51 and
improves durability.

Hereinafter, results of various evaluations performed for
the magnet roller 50 will be described.

(Break Strength “Evaluation 17)

First, for the magnet roller 50 according to the present
embodiment, the break strength of the shaft portion 52 was
measured by varying a dimension ofthe recess 53 provided in
the magnet portion 51.

FIG. 7 is a view illustrating a method for measuring the
break strength for the magnet roller 50 and a graph illustrating
a measurement result thereof.

The break strength of the shaft portion 52 was measured as
illustrated in the left view in FIG. 7. That is, in a state in which
a root (“fixing position” in the figure) of the shaft portion 52
was fixed, a force was applied to a position (“load position” in
the figure) 18 mm away from the fixing position. The force
(load force) to be applied to the load position was gradually
strengthened, and the load force when the shaft portion 52
was broken was recorded. Such recording was repeatedly
carried out by varying the curvature radius of the recess 53
provided in the magnet portion 51.

The right graph in FIG. 7 illustrates a measurement result
thereof. The horizontal axis represents the curvature radius
[mm] of the recess 53 while the vertical axis represents the
load force (break strength [kgf]) when the shaft portion 52 is
broken. As illustrated in the right graph in FIG. 7, the break
strength of the shaft portion 52 increases along with an
increase in the curvature radius of the recess 53. It has been
found from this measurement result that setting the curvature
radius of the recess 53 to 0.5 [mm] or more, for example, can
bring about obtainment of the magnet roller 50 with a stan-
dard or higher break strength.

(Increase in Magnetic Force at End Portion “Evaluation 2”)

Next, for the magnet roller 50 according to the present
embodiment, the magnetic force distributions in the axial
direction of the magnet roller 50 were compared by varying
the dimension ofthe recess 53 provided in the magnet portion
51.

FIG. 8 is a view illustrating a method for measuring the
magnetic force of the magnet roller 50 and a graph illustrating
a measurement result thereof.

The magnetic force of the magnet roller 50 was measured
as illustrated in the left view in FIG. 8. That is, measurement
values when a magnetic probe was moved in parallel from the
left end to the right end of the magnet roller 50 in the figure in
a state in which the magnetic probe was put close to the
surface of the magnet roller 50 were measured. Such record-
ing was repeatedly carried out by varying the curvature radius
of the recess 53 provided in the magnet portion 51.

The right graph in FIG. 8 illustrates a measurement result
thereof. The horizontal axis represents a distance (position of
the magnetic probe) [mm] from the left end of the magnet
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roller 50 while the vertical axis represents the measured mag-
netic force [mT]. The solid line graph represents the magnetic
force distribution when the curvature radius of the recess 53 is
1.5 [mm] while the dashed line graph represents the magnetic
force distribution when the curvature radius of the recess 53 is
0.2 [mm)]. As illustrated in the right graph in FIG. 8, when the
curvature radius of the recess 53 is 0.2 [mm], an increase in
the magnetic force is generated around the end surface S of
the magnet portion 51. On the other hand, when the curvature
radius of the recess 53 is 1.5 [mm], no increase in the mag-
netic force is generated around the end surface S of the mag-
netportion 51. Ithas been found from this measurement result
that setting the curvature radius of the recess 53 to 0.5 [mm]
or more and 5 [mm] or less, for example, can cause the
magnetic force distribution in the axial direction to be uni-
form.

(Increase in Magnetic Force at End Portion “Evaluation 3”)

Next, for the magnet roller 50 according to the present
embodiment, the magnetic force distributions in the axial
direction of the magnet roller 50 were compared by varying
the width L of the end surface S of the magnet portion 51.

Although a method for measuring the magnetic force ofthe
magnet roller 50 is not illustrated, measurement values when
a magnetic probe was moved in parallel from the left end to
the right end of the magnet roller 50 in a state in which the
magnetic probe was put close to the surface of the magnet
roller 50 were measured. Such recording was repeatedly car-
ried out by varying the width L of the end surface S of the
magnet portion 51. As a result, it has been found that setting
the width L of the end surface S to 3 [mm] or less, for
example, can cause the magnetic force distribution in the
axial direction to be uniform.

(Durability Life “Evaluation 47)

Next, for the magnet roller 50 according to the present
embodiment, durability lives of the magnet roller 50 were
compared by varying the width L. of the end surface S of the
magnet portion 51.

FIG. 9 corresponds to the detail view in FIG. 6 and
describes a contacting part between the magnet roller 50 and
the bearing member (slide bearing 63).

In a state in which the end surface S of the magnet portion
51 and the slide bearing 63 were brought into surface contact
with each other as illustrated in FIG. 9, the development
sleeve 60 was rotated to satisfy predetermined conditions
(rotation count, rotation speed), for example. This operation
was repeated by varying the width L. of the end surface S to
compare abrasion states of the magnet portion 51 and the slide
bearing 63.

As aresult, it has been found that setting the width L. of the
end surface S to 1 [mm] or more, for example, can bring about
obtainment of the magnet roller 50 with standard or higher
durability.

FIG. 10 is a table summarizing the above evaluations. As
illustrated in the figure, setting the curvature radius of the
recess 53 provided in the magnet portion 51 to 0.5 [mm] or
more and 5 [mm] or less causes the break strength of the shaft
portion 52 to be high and prevents generation of the increase
in the magnetic force at the end portion. Also, setting the
width L of the end surface S of the magnet portion 51 to 1
[mm] or more and 3 [mm)] or less prevents generation of the
increase in the magnetic force at the end portion and provides
a long durability life.

Modification Examples

The aforementioned embodiment is intended to illustrate
the scope of the present invention and does not limit the
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present invention. Many alternatives, alterations, and modi-
fication examples are apparent to those skilled in the art.

For example, a shape of the recess 53 to be formed on the
end surface S of the magnet portion 51 is not limited to one in
the above embodiment and can be modified in various man-
ners.

FIGS. 11A to 11E illustrate modification examples of the
recess 53 in parts corresponding to the enlarged view in FIG.
6.

Asillustrated in FIG. 11A, as for the recess 53 of the above
embodiment, a part P1 (outer edge portion) and a part P2
(outer deepest portion) may be formed not to be curved.

Also, as illustrated in FIG. 11B, as for the recess 53 in FIG.
11A, the part P2 may be sloped.

Also, as illustrated in FIG. 11C, as for the recess 53 of the
above embodiment (enlarged view in FIG. 6), only the part P1
may be formed not to be curved.

Also, as illustrated in FIG. 11D, as for the recess 53 in FIG.
11C, the curvature radius of the part P2 may be enlarged.

Also, as illustrated in FIG. 11E, as for the recess 53 in FIG.
11D, an entirety of a part P3 (outer side) may be sloped.

FIGS. 12A, 12B, 13A, 13B, 14A, and 14B illustrate modi-
fication examples of the recess 53 in parts corresponding to
FIG. 5.

In the above embodiment, the recess 53 is formed over the
whole circumference along the outer circumference of the
shaft portion 52 (FIG. 5). However, the present invention is
not limited to this, and as illustrated in F1IG. 12 A, the recess 53
may be selectively provided only at a part around the devel-
opment pole (N2) along the outer circumference of the shaft
portion 52. This eliminates excessive developer at the end
portions of the magnet roller 50 at the aperture part of the
development unit 15. As a result, it is possible to prevent
concentration non-uniformity from being generated in a
recorded image to be formed and to restrict scattering of the
developer.

Also, as illustrated in FIG. 12B, the recess 53 may be
selectively provided only at a part around the draw-up pole
(S1) along the eater circumference of the shaft portion 52. By
doing so, the developer can be supplied uniformly over the
whole width of the development sleeve 60. Thus, it is possible
to prevent concentration non-uniformity from being gener-
ated in a recorded image to be formed and to restrict leakage
and scattering of the developer from the end portion sides of
the magnet roller 50.

Also, although the recess 53 is provided at a position just
proximal to the outer circumference of the shaft portion 52 in
FIG. 12A, the recess 53 may be provided at a position away
from the outer circumference of the shaft portion 52 as illus-
trated in FIG. 13A.

Similarly, the recess 53 in FIG. 12B may also be provided
at a position away from the outer circumference of the shaft
portion 52 as illustrated in FIG. 13B.

Also, although only one recess 53 is provided on the end
surface S in the above embodiment and respective modifica-
tion examples, a plurality of recesses 53 may be provided.

For example, as illustrated in FIG. 14 A, the first recess 53
close to the shaft portion 52 and a second recess 54 away from
the shaft portion 52 may be formed over the whole circum-
ference.

In this case, depths and shapes of the first recess 53 and the
second recess 54 may differ.

FIG. 14B illustrates depths of the first recess 53 and the
second recess 54 in FIG. 14A. For example, as illustrated in
FIG. 14B, the depth of the first recess 53 may be larger than
the depth of the second recess 54.
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Also, the magnet roller 50 in the above embodiment and
respective modification examples may be utilized not only in
the development roller 40 but in various rollers such as a
cleaning roller and a conveying roller and in other applica-
tions.

Also, in the above embodiment and respective modifica-
tion examples, the development unit 15 including the single
development roller 40 is described. However, the present
invention is not limited to this, and the development unit 15
may include a plurality of development rollers 40.

(Molding Method)

Next, a method for molding the magnet roller 50 will be
described with reference to FIGS. 15A and 15B.

FIG. 15A illustrates a state of dies at the time of molding
the magnet roller 50, and FIG. 15B illustrates a state of the
dies after molding the magnet roller 50.

As illustrated in FIGS. 15A and 15B, the magnet roller 50
is molded with use of a movable die magnet portion die), an
immovable die (shaft portion die), and a molding machine
Screw.

For example, molding of the magnet roller 50 is performed
in the following procedures.

Al) The cylindrical magnet portion die and shaft portion
die are clamped to form a molding space illustrated with the
dashed line in the figure.

A2) The aforementioned magnetic material is injected into
the molding space by the molding machine screw, and the
filled magnetic material is cooled and hardened.

A3) The magnet portion die is opened against the shaft
portion die while a molded body (magnet roller 50) made by
cooling and hardening is held integrally to release the shaft
portion 52 from the shaft portion die.

A4) A not-shown ejection pin is inserted into the molding
space from one end of the magnet portion die, the molded
body in the magnet portion die is extruded by a predetermined
length in a longitudinal direction (axial direction), and the
extruded molded body is grasped by a robot arm or the like.

AS5) The magnet portion die is pulled to the left side in the
figure from the molded body while the grasping state of the
molded body by the robot arm is kept to release the entire
molded body from the magnet portion die.

By carrying out the above A1l to A5, the magnet roller 50 is
molded.

At the time of molding, different magnetic fields by loca-
tion in the circumferential direction of the molded space are
applied to the magnetic material in the magnet portion die. By
doing so, as illustrated in FIG. 5, the apparent intensity varia-
tion in the magnetic force is provided in the magnetic force
distribution F in the circumferential direction generated from
the completed magnet portion 51 (FIG. 5).

As described above, with the embodiment and modifica-
tion examples, even in a case where the magnet roller in which
the magnet portion and the shaft portions are formed inte-
grally is used, the development roller whose magnetic force
distribution in the circumferential direction is not broad and
the image forming apparatus including the development
roller can be provided.

The entire disclosure of Japanese Patent Application No.
2012-259152 filed on Nov. 27, 2012 including specification,
claims, drawings and summary are incorporated herein by
reference in its entirety.

What is claimed is:

1. A development roller comprising:

a magnet roller in which a magnet portion generating a
magnetic force and a shaft portion projecting from the
magnet portion are formed integrally,
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wherein a first recess provided on an end surface of the
magnet portion on a side of the shaft portion, and

wherein the first recess extends circumferentially along an
outer circumference of the shaft portion.

2. The development roller as claimed in claim 1, wherein
the first recess has by a curved surface, a cross-section of the
curved surface along a longitudinal axis of the magnet roller
having a curvature.

3. The development roller as claimed in claim 2, wherein
the curved surface exhibits a curvature radius of 0.5 mm or
more and 5 mm or less in the cross-section of the magnet
roller.

4. The development roller as claimed in claim 1, wherein
the end surface is provided with a plurality of recesses.

5. The development roller as claimed in claim 4, wherein
the first recess is proximate the shaft portion and a second
recess on the end surface is distal from the shaft portion, the
first recess and the second recess each being formed over the
whole circumference.
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6. The development roller as claimed in claim 1, further
comprising a sleeve covering the magnet roller,

wherein the sleeve is rotated around the magnet roller.

7. An image forming apparatus comprising the develop-
ment roller as claimed in claim 1.

8. The development roller as claimed in claim 1, wherein
the magnet portion has a number of magnetic poles and the
recess is provided only at a part of a circumference around
one of the magnetic poles.

9. A development roller comprising:

a magnet roller in which a magnet portion generating a
magnetic force and a shaft portion projecting from the
magnet portion are formed integrally,

wherein one or more recesses are provided on an end
surface of the magnet portion on a side of the shaft
portion, and

wherein the end surface has a width as much as 1 mm or
more and 5 mm or less in a direction perpendicular to a
projecting direction of the shaft portion except at an area
of the recess.



